Summary. The 
Introduction
Superfetation is defined as the initiation and development of a new pregnancy in already pregnant females. It is rare among mammals and has been described as a pathological disorder in several species (cows: Gee, 1971 ; Patas monkeys: Leakey, 1969; humans: Fontana & Monif, 1970) . European hares appear to be an exception: superfetation is considered a normal feature of the reproductive cycle. Hediger (1948) noticed that when hares copulate during late stages of pregnancy the interval between the next two deliveries is shortened. This was later confirmed by Bloch et al. (1967) , who showed coexistence of a fetus, nearly ready to be delivered, and two fertilized ova (each divided into four cells) in the uterus of a pregnant hare. Although superfetation is apparently rare in hares in the wild (Raczynski, 1964; Flux, 1967; Broekhuizen & Maaskamp, 1981) , it appears to be common in captivity (Hediger, 1948; Bloch et al, 1954) and was observed by Martinet et al (1970) in 66% of the pregnancies in their breeding colony. Most of the evidence supporting the existence of superfetation in the wild is direct and based on the coexistence in the uteri of nearly fully developed fetuses and fertilized ova at the first stages of division. In some cases (Martinet & Reynaud, 1972) direct proof for ovulation and fertilization of a new set of ova during an ongoing pregnancy was also obtained in captivity. However, nearly all the evidence for the widespread existence of superfetation among captive hares is based on duration of intervals between successive deliveries (Martinet et al, 1970) . These workers showed that whereas the usual gestation period was 40-42 days, shorter intervals of [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] days between successive deliveries occurred frequently in females that were permanently cohabiting with males. As the most common interval was 38 days, they concluded that the initiation of a new pregnancy usually overlapped with the ongoing one by 2-3 days. These data are also supported by later work showing that although matings occur in hares throughout gestation, their frequency increases after day 34 reaching a peak between days 38 and 40 of pregnancy (Caillol & Martinet, 1983) .
We have maintained a breeding colony of paired hares for over 10 years, but no cases of super¬ fetation, as determined by shortened pregnancies, were observed. This difference from findings of other workers led us to investigate whether superfetation occurs in hares in Israel. The AI of hares, which was developed in our laboratory and has been used routinely as a breeding technique for captive hares (Stavy et al, 1978b) , enabled us to control experimentally the timing of our attempts to induce superfetation. Our earlier work on the hormonal changes during pregnancy in the hare showed that a decrease in concentrations of progesterone (Stavy et al, 1978a) and an increase in concentrations of oestradiol and testosterone (Stavy, 1987; Stavy & Terkel, 1984) Puget, 1970 Bound and free fractions were separated using a dextran-charcoal mixture. The specificity of the antiserum (rabbit antiprogesterone-11-hemisuccinyl bovine serum albumin) has been described by Kohen & Lindner (1975) . Crossreactions with oestrogens, androgens and corticosteroids were <01%. Blank values were below the sensitivity of the assay (15 pg for the standard and 0-5 ng ml" ' plasma). Intra-and interassay coefficients of variation were 51% and 100%, respectively.
Measurement of oestradiol
Total oestradiol was measured by radioimmunoassay as described by Yaron et ai (1977) . Nonradioactive oestradiol was purchased from Sigma (Israel) and [2,4,6,7,16,17-3H] oestradiol (specific activity 155 Ci mmol" ') was obtained from the Radiochemical Centre, Amersham (UK). Plasma aliquots of 0-5-1 -0 ml were extracted with cold diethyl ether. Bound and free fractions were separated on small Sephadex G-25 fine columns, prepared according to Basset & Hinks (1969) . The antiserum (rabbit anti-oestradiol-6-BSA serum) was a generous gift from Isodan Ltd (Israel); the major crossreactions were 0-47% and 0-2% with oestrone and oestriol, respectively. Blank values were below the sensitivity of the assay (2-0 pg for the standard and 6-9 pg ml" ' plasma). (Fig. 1) . Changes in oestradiol concentrations, although less pronounced, generally followed the same pattern (Fig. 1) . In one female, sampled for a longer period, plasma progesterone fell to 0-8 ng ml"1 36 h after insemination and rose again to 8-9 ng ml"1 84h after insemination. (Stieve, 1952; Raczynski, 1964; Flux, 1967) . Other studies failed to confirm this phenomenon (Broekhuizen & Maaskamp, 1981) . The absence of superfetation among our naturally breeding females indicates that the failure to induce it experimentally did not result from technical factors. These data suggest that superfetation is not common in reproduction of hares in Israel and, if it exists, the frequency of its occurrence may be indicated by the two above-mentioned cases.
In all cases, AI performed before day 34 of pregnancy caused its termination within 2-3 days. Termination of pregnancy following hCG (or luteinizing hormone) injection has been observed in various mammals (e.g. rat: Banik, 1975; rabbit: Spies et al, 1966; Mills & Gerardot, 1984;  European hare: Martinet, 1980) . In rabbits, oestrogen is the main luteotrophic factor (Hammond & Robson, 1951; Miller & Keyes, 1978) , and administration of hCG to pregnant rabbits induces ovulation of the largest follicles which are the main source of the oestrogen (Osteen & Mills, 1984) . The sharp decline in oestrogen secretion that follows ovulation causes the degeneration of the corpora lutea, a drop in progesterone concentrations, and hence the termination of pregnancy (Keyes & Nalbandov, 1968; Mills & Gerardot, 1984) . In a previous study we showed that the presence of the corpora lutea is essential as the main source of progesterone throughout pregnancy in hares (Stavy et al, 1978a) . Induction of ovulation by hCG has also been shown in the pregnant hare (Martinet, 1980) . We therefore suggest that the mechanism by which hCG terminates preg¬ nancy in the hare is probably similar to that in the rabbit, although the luteotrophic and luteolytic factors involved in hares remain to be identified.
Artificial insemination performed on day 38 of pregnancy shortened it by an average of 3-5 days, as did hCG injection, vaginal stimulation or both (Table 1 ). The effect of AI was independent of its timing, since performance before day 34 or towards the end of pregnancy resulted in termin¬ ation of pregnancy within the same period. However, on day 40 of pregnancy hare fetuses are already well developed (Broekhuizen & Martinet, 1979) and are born alive, although small; thus termination of pregnancy at this stage can be considered as early delivery rather than abortion. While Martinet (1980) reported that the administration of hCG after day 32 of pregnancy did not result in its termination, her study presents data for four hares only, two of which delivered 3 days after the hCG administration; we suggest her findings do not necessarily contradict the results of the present study.
High concentrations of both progesterone and oestradiol were measured 1 h after AI performed on day 38 of pregnancy. These concentrations gradually declined, reaching minimal values after 36 h. These changes are similar to those found in nonpregnant hares (Caillol & Martinet, 1975; Stavy, 1976) and rabbits (Shaikh & Harper, 1972; Waterson & Mills, 1976; Wu et al, 1977) after hCG injection, resulting from a high level of steroid synthesis in the ovaries facilitated by the administered gonadotrophin (Eaton & Hilliard, 1971; Lau et al, 1978) . Similar changes in plasma progesterone concentrations were also found in the rabbit after hCG administration on day 21 of pregnancy, resulting in ovulation as well as corpora lutea degeneration and termination of pregnancy (Mills & Gerardot, 1984) . These results support our hypothesis that the mechanism of action of hCG in the hare is similar to that described in the rabbit. It is probable that the low concentrations of progesterone measured 36 h after insemination (5-8 ng ml"1), which were about 10% of the normal concentrations at this stage of gestation (Stavy et al, 1978a) (Table 1) . In the hare, as in the rabbit, ovulation is induced by copulation. However, inducing ovulation by mechanical and even electrical means, is difficult in rabbits (Sawyer, 1949; Carlyle & Williams, 1961 (Martinet & Raynaud, 1972) . In all other cases superfetation was deduced only when intervals between successive deliveries were shorter than the normal duration of gestation (Martinet et al, 1970) .
Frequency of copulations in pregnant hares permanently kept with males increases towards the end of pregnancy (Hediger, 1948; Caillol & Martinet, 1983) . We therefore suggest that in most cases these copulations may result in termination of pregnancy and early deliveries, whereas the ensuing pregnancies are initiated during the period of post-partum oestrus, commonly observed in hares (Hediger, 1948; Lechleitner, 1959; Caillol & Martinet, 1983) . Both the 38-day intervals between deliveries reported by Martinet et al (1970) (3-4 days less than the normal duration of gestation), and our data showing that the survival rates of early-born leverets did not differ from that of full-term births, support this hypothesis. If this is so, the phenomenon of superfetation would appear to be confined to conditions of captivity in which the male and female are permanently together. In nature, a shortened period of gestation, resulting in lower weight at birth, might be a disadvantage to the offspring.
